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U h lY t.h l it I QWk^Uk.l>XLV^UlA^
A mtmik mm mm^m^um qw
Lit.^t4^i^U^ty Urn Sm BaH^




mri to^y^i^nt^ a'WtllnM-^ far tii© dc^ni^ ^t im
resulting tli^ifefe^*

(a) Uirerv^ii ^£»t^'4& ••••...,. g
(d)
€a«|ar ?tor# *.••.••.. 5
{t) Cyclic r«it#£ or ^^«£«itiui. •••«•&
(g) JDobcr^^s^ii^ cuw aec'iur«^c^ • • • • • 9
2mX i^JiLi^XsmmtX^m ai' c^jrcuitu u&mi • • • • • 11
(«i) Btocis aiagit^ •••••••• Xi
(e) B4J[iai7 eouiit^r eureuli • • • * • 14
(«) ttl£e li«iii«oiui eireyjLts « • , • • IV
^*X c^^ snot 0^^1'atio^ i&
¥• hmu^jQh^^m .« j^

outlines a i«i#t^K>4 of I>i2i4yr^ ^acadit^ of ^u^aiagutt d^tn^
4i^lt#l e^cMlntiiiii t«ei^d^^ii*rs^ it. emiM !»# loi^ for
t^€^i&X^^u4^ dr<g i4*^'«fi&«» a%^lliiti# tar ifi# at^en^ing cif






^^<e Cofa M ioi
X4i.ti\/ui..ct... ;. .;,4i*uXt^ii4i»yu&ijr iiita tiiJt'<u.« wiii.t^ to (ii) si-^ii-t
re^i^t tlifc U#t&i cauiat ^ as^aru, s^^ (c) »*ft a fli^^ivj^
%h^ emm%*it taWi to mti^^u^ X%M%^tX^ nitj^ ^iiii«t« Mt^r

iy»l % is tj^ tiim d^S'&ti&u h^tiiitt%Mi^ tri^g^r oi^ amM^j^mn
t » it X^ (1^)
wimwm D^ is ite stt^iiagu^ a«itu im|m& aad li i« tiNi
4tt«ti^»i^ 0C a sveoMr^ trign^r |^-uJU« »iXi esujis« a S'#|.#titl9ii
jCar ^yi;i uiieiioii^wd iM^ut m ^ altt^^-^ut c^uut iO£' ««
eh-jOi^^ iM^ut^ tixus tilii^^iiig im «& ci^elie l>^^i« i»
f#ii«il»l«9 «aMiy a^ niii l»%^ 4%V)iiiM^<u4 i«tWi> iTAigiy^
46Sirabi««
iraiig%i lOfic;^ oi a r^ig<t^ ^^aj^uri^^g a^viet^^ tti<& i^ti^i^ ^f
ii^jfib u^^ Xm hml&^mmg &^ %£i#etrle4ii Iitri4#« u»m4 a& #
ti^«»s# eosctfi to«N»ir«^^ it is &j^^ar«iit ^iutt tlans luatiUMi of
g«a«r^tor«

^bXe 1^1 til r«^^sir^€t W t^jsm, ^i^jf ar^s
s^^ifeife. (ri>u#kljf £ l^iU'ts ill ii^ii), a fi«iv&i^i« tii>uKi uairMi^jr
j^«il,^.et«^4» Ik^tii0a& ik), (B)« ii&a (4) ali mta^t %hlB
lMtt«r i«^fts cl»a&<^ far us^^ Xa %^ ^m& eauv^^ft^^r a^^t^m.
eovti^r^d ^ tljti£< |.&|;#r«*
f&r&u^ tim ui»# a^ t£M^ s#l«et«4 s«(#^i^ eijrcuXt
* i^ar4iii«l 4c'¥fei.ti»i^*s^eiiV ai" a. Si#«t«if6» us^oai^ ti^ j^*4ifcSit«j»tJr€MU
clr<mit Xb ^>v^r«(^ ln^' a l^s^t^r*^ tit«^ai£ ^Om^m-^xmu &£
lfti3i« 0r 3N^jil£^ lato BXimxy Mta W ^^« ^^ ^ C^eile

safetooth \.<xVQ above a zero T^tareaee level. Coiitiiiuous
coiaparison oi* tiie icaBnitude of the savjtooth against the
signal voltage corresponding to the analogue data
perxaits the generation of a isarker piilse whentjver
enuality exists. Thus a signal pulse Xiiay be generated
which is delayed from zero reference tiiae by an
interval proportional to the signal voltage level of
the input data.
(d) Co flipai ator - A comparator is a device capable
of performing amplitude selection. Of the several types
in comuion usage tne diode selector shown in figuie £
is aliaost universally used for the selection and
reproduction of a portion of a v-aveforai %ntie acciirate
evaluation of boundary setting is of i%ortance. The
—IV
FJF,. g. Sin/cle diode coiuj^arator
DIODE selects the portion of tne sav,tooth v^aveforiii
above tlie reference voltage thereby causing aii
attenuated reproducciun of the selected portion of
the sai»tooth to appear at the diodo catnoae, ThJis
positive signal is quasi-flifferentiated in tne grid
circuit of tne following tube, amplified, and further
differentiated in the aiuplifier output. Fui'ther stages

f?cf••*'«v.ce «* *% f - -
1/6/4uy*^ Vri '^ X
e-
gr^^t^r tmm t^^w a 4104^ #^1 jo^^^h ili# t^ui^at'^ cutting
mill glV« ii«^Xit;^4# ^<«4&etiy£ii till %it^4i4 X/U^ vultm
fejr#itk insi&imit^-* ll^s tiiAE .^^^ ^^r ©eii^air-«£-tN» Bi^u.M
glim m& grc'«ii dteaiJ^ac:;^^ ^^ ttm 4$&^m ^^ ly^ hm m^tm
t^^ |4^§^««s sli^Ml^ gi'^^tf^r 't»i*«i4 »t4&l>i.ii% U^mn
iiii4 ti4i& luet^^i^m i& ^mt&itlrli^ m^$. u&t &it^^iu%&mt^ Urn
•agrstaJLs imrm not ms«^«

] - xM-^l
s^ e^uutUn^ mnA^u tim eirei^lt -LMiaMiikb-l^^ far XowiMr
& aei«4<i«^g r#iiiilb:i« 0fMiMr'^ti«m Hi li^^ey stm& l» Urn

•i4
eocisii^tiii^ af i& *r«a^ m;;t^ iu^r«,# aiT My^u- iii^icdt^rs.

count Uii^e^sBMM^ to cavfei' xm tull imig^ or
analogue -i^t^ Bi^uX4 hm Qt th# ot^Xist uf a€0« 1[m«s
t^^ tls$ jTfi.^ulX'ed for a s^axiii^m eouiit i& ^NOO &ic£d«»
si^®l* circuit* Beaet^ t^€ <iseiil^tojr fr-^^uiftie^' fei<^'
^ f|ji«4 at umut^
i^t^tie ai^isiot^ &tat-<ii|4' t«iiik tQW tmf totiiJL $auat aurlsMI
gating 0f txi« «aitii-«i ^^'Sitea. It is dyri&g Utm lutm^'v^X
tliat this eotmtiijr tmo^^M h^ u&^tx tQ eontrol a ^>atjrlii.
s^rr^^ ot tx&m siw^a^uc^ gates aj«d ti^tasl^i^ ii^flul«tt<^ ta«
^yjrr^^tjyr Ui a|i«ratla£^ «it at^ganycle r<^tas tkm ^a'^oeiatdd
tfceiml%ii^» ito^iJLd i^sAf-mlt tiifc c4ii-*^a©tlAm of i.oo4tji^ii4ia
ar X^i^.»* H€jci<^^ tl£€^ r^iiikima vr^j^sit^issi^m tiaim is
i^^^K^udent '^X tl&$ ttii^ r^uism^ to cnceai^ tl:»i i^ta
ft»4 tM^refarts th€^ ^leodis^ m^ Ism ^m^ at tlm
©^lij^^fti-'Atiirely tiow iOOI^c i*ate» £imc^ XM^ a-^t^ cgrcle far
tl3Mg trji^sttittto^ la lO/ia^^sa*^- It la ^.y^^^mit thk% a
£r«^t 4^lI of igLdti|.l^j;liig CoTi l>e &e^04%ai£li€ii«
(g) Inei-fev.^£:lm£ d^ta acgur^fc^ -* fh«j lii^iit al tii®




uW4iir*e»ii»r«fc^ «uii^ «i ei^4iii'aii«r^ £li^^iXQ^ ysovk^^^ % ^ii^le
km tM ue^mimtX€ 4ii' tail? eifeuxt^ t*MX# I'i^uiti i>
luu Vl» vMeti i& l>i«^%^ hii^^j&iX ^Xm%^ cuM:r%mt euUifr*

u.
(1) 1 ^ 60 c>'cle Square ^ave to
VI grid
(2)
_S niavei*orM at Vk; grid
(S) Vvaveforui at V5 plate
(4) ' Vvavexorm at V5 grid
(gj - . * -'^— WaretoTUi at V7 cathode
(6) ^ j=^" V.aveform at V9 grid
(7) feaveforiii at V9 plate
(8;
~~
Viaveroriu at VIO plate
Fig. 6. Critical i&aveiorius in the linear
svieep and CQiiiparator circLtit
Since a pentode is used, the trigger causes zae tube
to conduct strongly axid a large negative pulse appears
at the ilate. This negative pulse is applied to a
joaonostaLle oultivibrator V^,V3 whicn generates the
4000 micro-second negative gate piilse shown in (b)
above. This type of circuit is used because it is
less susceptible to ciianges oi' gate duration and
aiopiitude caused bj tube changes tiian are cathode
coupled circuits. The negative gate at the plate of
V'6 is direct coupled to the grid oi V4, which acts

u»u u Saitoh t^be« 1km olr^tet QoupXim^ ima^l«£ %m
start sf tlie li^itck itttj.a« %& hm iwdmj.mtmmit t^t tim
th^ iejttiAtiiig trxggfer* tue s^iwto^tii gc'i^ratar t#$^<wska»
t«i tlu^ ai>^&i«^ ar tUsi? ^v^iteii l^ i^a4ucliif i* ^aitAi#
ttot Siier#a^#i^ ils«r^r]yr vi>tth ti&fS* t&« eiireuit is a
^09t»tra^ g««i«^rat»r plus an l^tfcfrstioii SNitisorj.^ maeh
t&a^t ta «^iiii»iiiatt^ tm h^i^m^ a«riiriilve ol' ttm ^mii*
to0tii iraltuf« ria@ aiKl henei^ li2ert^«Mg#s tii« lijai^uri^
or th0 wiiv^rorife, ^ iiiit; r rlj^e (4) o«e^r^ -at tm grid
of tube ?6 ai*d a rl^te %aac;h tJi l^hi^ llumiip Imt i^iuieii
tlwf grid %>.i.v«a'ajrfe &m^¥'^& im Vu^ li4|Ut va %km ^ui4i^a^£it©r»
W (;*) • \tii«i&i^-ajJLTi^t^ti«»tiaii ijs tii« grid cireiiit 1^
ij^^t ta ¥11 -^n^Oiem. tm^ ultiMit^ «£iVi*fc»r& (^) ««* tlin
fiat^ of V0, Of tii*, tisry«? i^^s^s irliicli aaa^rl«« cm
auti*vt garai*^** 020^ tlic Q^ati^v oa© is of caits*.^s^^Eiea»
flM# l^^^l't i^ui&^ M ti£« s.t'mAy 0eeurs at ti^ iri^r€^$imc«
tlam (muim tilgg^r is iiitroel^ie^^ lata tlis$ i^^^r^t^ii*) ii&4
i3 m^ to tmymt^tst wolt^gm r^^iaatiini ^i' tia# t;^^t#ia^
fli« «ffii^t m" tuis pyXm <m ti^ tlki,'*th»p t^uUullUig
tb^ g«^t^ tui.-«^ X& av^rri^^«^ i;iy ti^^ S:i;.t l^uXse »hieti
»ijm^ita»4^u£ly ^o^ttris t>3at eireiat* th^ e%.%i%^t i^uls^m
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W0my^w, nlm^ ilife ^iii.*rjus|; lias al^**^' |Ni«k;ti J^iS^f
Tb^ clrc^Ut ^ae^i-Xsic^ d^^tiittts i^riy^yrii^ u^^a
ta* «ai.<c*ei u>i 4i C/ ^i*i Cc, Uit iM&ii^at jy.V, ti^
I'm ^wt^ji^th mmlliSiK^iit4 It l%iii^ tmu mk$ ^i^j; tim.
<iiC t£a«» d«»£ila^«»4 ^^UiU &ccur«.^'' ( 0«^> ar b<ctti;.: )
(c)
'jMm-n, 1ft^!i^v-4 9i^^,^-i,^,^ - t^ eu-ei^Ii ii^«>a f<ir
€4diM4t«6^ i«» i^«*;^4* ii4 lfi«4:4& XI1« kJUnt^ suca. £tii^ti& mrm
4*r VX ^ua VE. Imm^ii tist itsuaX ijeGiii^aXs*- ai' tlxj^ilQ^

t^
tiiiii £^ca&t| stages o^ tinf eouiiWi'. It t& ^if^j^aj^^sA %ih..%
LXmg^ k'tovLs'-iim i^Bt hk^ i^a«i far rt;tuimiiit; tiiiv
iTwJlt&i,^ ti^CLjpsliiia ol ti*«j ^lad or VI. ii*troa4.ctiati ©f
tJ^ tkf |;uJU^ r&l^«£ tr^ ciirsi&l ^-late a^l^ov^ graund
ci*t uff. Am. m iB cut al'r it crt^atfes m. mXyut tulm
ier^liig to tri|;£^r tm^ Sq11q%ui$ &ta^i^^ h^% tlils effmet
is QY<.i'riiX£l©^ 1^ tii€j stftifcii biiiia^ ai^i-liita to tlM VI
grid of t^^t »t^kg^^
fxi^HUwiiCi i.i ^r«tatli r«d%ie#^ olid %^ ail€Wiiite|.€ tie*
liargfeT V4lu#i^ of grid atid iJitf^f&t^ii eoyi-iJU:^ ewj^-^cit©r«

<^J JKUi--^!^^ ^*^4 JMbc
^
^t^
^^^y-i,^ - this Circuit,
» »1U cut ai-jf Vi sitt^i eut ^u Vk %iiii« ^ i;vSiiiv^;»
mim inju* iiito
€*. mill cut 0a ym ^^ e^% i^u ¥!•
tia^t tiife i,lat^« ©r VI e*ii,^.« b^m&m*. mitM» 1^ mm
plm m wits ana t&U i4»t«ritl4il is jr^s^iataiiCfc- eai^M^
tQ t^«i^ 3^e<md caiitrui iri^t<i at tul^<* ?4, 4gf tti^ c.^-iiQ<le
al f4 i£ ai. ^.i ,a 10 vyilti.^ t4*i! *4«tiaa oT t4i# fli^-iTlaii
aisints %u%i s^^mi ®»iitrul grla ti» a i«>t«mti^ »iUc.i* i«
^itntjr baa« eutdff or ^trav« e^tiioti* i£^i«yutl,jtX. tm
outj^t fr«A6 tiifc luQke c^i^cUlatOT (& ii*,^isu. ©iusiits
ear^'oratiim PiiX^m ikmui^.:ttQf mM^x yg^ s^a umid sm
%m «g*i.t.ri&^iitaX S4^t«^u|.) is jT^ iiiti> tiK.^ fir^t emtri^l
grx^ »f M, «o ta^t autj-i*t iiee«*tiv«g ^ul&m. i^^ i^K^^mM4
^Natrol gri«l ..a^itivi^. timM^ a.L.lji#& ai-^ iav^rtiNl i^
^^I'li^iiii^ iq& t© ,.rwia# Urn ^&l%im» ^.lasmh m.lt^u,
ror diivjusg til*.* «^i^t*jf^.
(1) tia«s iatro^ctioo 0^ Um &m mUi^ u^M^t,^ trom
th^ m
€^clu trlt^c^, *lti4 e««i«#^Mit ©i^^siiiiii 0I: gat#
f4 &m istirocluctiaii or ^ul««#© ta %i^ coi^t^r, a*-ii (s)
thfc hTXkina ar tii» OL.tj^mt j^l:&ii froi.. tnv^ co^i...A."tor
to r«s#t thi. rii^-riaL t*ii<i ^imt tiic t-t*..
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t#w^e« Cor ai»« s^at ai^r^txa£*«
slkirj^#r rl^lii^ output %^^isiSQi:m^^

1&
t«j^t d^W %A& aktmiMmi far mm^'<^i^M.e Ot^mtuticmj^
0U %h& cauiit^i-« !:?^ dii^iWi amttk »€,tlm ep^ld l^i.ir«^ ii##&
iiUtXeca init^t loir <#t^e£^ i»fetti.s^' mt ^km bi^liiQt ttmim a^m
to tlM» mi^elHatoir »iit ^i&i u^u^m^uxBm^ mxtu turn
(^ £m^ mies<^&.*^ek^ii^s) , ^ l^iiAse «k4e£( <Hirei.i« toa '^^i^i^l^

lis
ta ak»lr«kaji tms a^^Birmii accuracy* £ii ti«€; iJlJ^t^ 4^t4^
«^ror&^ usu^il^ ail ii^Xtii^X«ii of & siagXi^- sms^*^^
0f tl«» e&uxit«sr ^llml£mt%^4 tliNS# r^j^^^tij^ errors,
^eiic l»a£i& e«»iii«&-t h^ m:tmtu itiiJi^ m^^^B^^tuX^ m»i^
fat# »aiji ol»tiii&#4 far «^>rr«««€»^ii£g vi«rJUti<»aii in
eauiii t-«i mi4m oi& ^ QtO^y tt^|^^u.X'^ u» ^i«iil rc^uXts ia
m^mr^tlmim BXmklm' Qp^t'^tk^im eouXil. not l»y oi;t^jUi«fa

ki)
itvtsi' %m ^utlM-emXi^t tm^u^ JPor emmtB totaling ^4
^ls4Bimmm0%ixk^ %^ last' thi:-#« at^t^s q^ %im &mm%m'm
c^ynt for m^ch setting q£ tm ^Xl|.&t ««^ fCQ^^ 1 ta
^^^r^tlQn^ Ik^LM km ^<^Xi«¥«i4 il«^«^ t4^ tin^ tiii(# eoa&t«ii^is
l£i tiife i^€trc»iii|g eijreyit I^«^1ia^ JUag^x- tiri^» tii^ e<»4»atiiig
to W ov^xrldaiib Wg t]m zmt^iM^ ^ul^«« 4iX iitt#i«|/t«
ta <i#cr#aj&« tiiir tii^ e^^iiiso^t @f tijis j$«rai£i^ eirei^lt
fiii; rti^aiuits dktt^iii^ jLinile^t^ tirj^t tim l^sle
4igit .1 4«tta is i'^^lbiti* Far m tjr^yasi>4.S£ia£i j^s,t#ii»
vatj^i-c slfiglii ^i«l$#d Oi.«^ratiii6 oiO^ ii» i'«!^;UiJr<^^ tm
fiSkT tlii<- nor® realistic «^eJUU$ traiiftii4»siciti nyst^^
m umXUkXt^ um^ is i£a^e^t€d £m %m tmo raii«Mii»|E
(b) Im^jE'OVti^ai^t iif t^ atti^XlTleatiusi st^<^i^












Block diagram of Data Converter
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Rl -lOOK R14-350K CI -.01^ VI -6A07
R2 -150K R15-22K 02 -.01/^ V2 -I6SN7
RS -4.7K R16-10K Pot 03 -bO^ V3 -i6SN7
R4 -150K R17-30K Helipot 04 -.007*^ V4 -i6SN7
R5 -IM R18-^K Pot 05
-50^u^ V5 -^6SN7
R6 -50K R19-10K C6 -.A^ V6 -i6H6
R7 -22K R20-22K 07 -.08^ V7 -^6H6





R9 -300K R22-22K V9 -6AC7








Linear Sweep and Comparator Circuit
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Rl -68K CI -S50^^f
R2 -68K C2 -Z50/u/uf
RS -82K C3 -lOOAVtf
R4 -82K V3 -i6SN7
R5 -250K V4 -|6SN7
R6 -250K V5 -Neon bukb
R7 -220K
SI -STSP switch




mMai I C^mmiX^^ ^44.f£i£
Mmm^iiB£t BirnmSmr' ttoh^b.
t. X. 1 k A ii3 1. 4 t Ik t i> I5. 1 t h t :^ t iLx lit LLt X*.t'>.^_jAth\mMi&k
mm 7 1 t ^r^ /if t \a h. 1 \ 'i b i 7
i^t^ jy^ its 15 1^ ii* m
imo 1-^ ;'... ^ IS li*^ m
o?§ ^& sj m m m m
MO 4« %V 4? m 4? 41? m €1 m m €i -.. ./ 47 411^ §7 i^ i« St ss mim M oi 67 0# €0 mim m *n 71 m 'i^ 7i3
BDO m m m m m t'i vi kfi m m wi m ^1 LI m
gaai> Wi B'i m Bl ^ m
mi^ IL? Jlu? icj# im ii.v U/i
atfe iif ui' XI. u'i in 111
aoo ik'f im i.*i in ub i:^ im im uit i^ iw im n^ ufi li7
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^m mi 2m im i^e m? m7 im im im mi^ im %m wi UM m^
^ tw lilt lib in in 111
4m im 1^ im 11^ li-? i%t IMI
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6i$ UM mM ua tiB kiu lis
M^ ^m im ktfi iTi u,D I: ^.i-j
W0 Ed? fc^'*? E4'/ ^-^ tm 1u^
0O@ mi 147 l:.4V ib47 Ml kAl m^mim^m$>miMiBmB^ 1.47
e^s mi ^1 LU7 S^bV i5d ^m
tso IBII6 IS7 ^#t5 '6t ^ti7 a.7
liVr .77 i:?? .7 m ^77
Vv;w^ .1.7 a^ti'/ »^ E>^ km m7mim^miim^mim^mfm7
m^ k^m ki^ hi^'i tTi^b i.vd mm
tm ^m Mfi ^^ .cw ^. t m^
n^ ai7 ^7 4il^ ^Ic cU mi
imi ^i:a ^Is «:*^*. .^M i&i^b %.~i.^ £;i^L 4^m m^ wm ^ s^m ^ mm ^m
mm ^.7 *i<c4B ^nM ^^m ^7 ^;7
m^ ^^4S 347 .^4^~ 3411 <>^ M8
m^ ot^n vUi ^;.- ^^^ wm 3bm
i<^ m^ im ^0^ m^ m^ wmwm mm m^ m^ wm mB wmmi^ m^
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f ' « 2 iS
^.^,;«:»c|l
' v«>*..*:,:.
